Determination of zero point charge
The pH point of zero charge (pH ZPC ) of activated tea ash powder (AcTAP) is assessed from the graph of change of pH versus initial pH (pH initial) presented in Figure7.1. The pH ZPC of AcTAP is determined to be 6.5 (Table 7 .1). The point of zero charge is the pH value at which the surface charge of an adsorbent equals to zero. At pH value less than pH ZPC , the surface charge on the sorbent is a net positive charge, while at pH value greater than pHpzc the surface charge on the sorbent is a net negative charge (Adedirin et al., 2011) . Therefore, cations adsorption on any adsorbent is favourable at pH value higher than pH ZPC . While anion adsorption is to be favourable at pH value lower than pH ZPC . The point of zero charge is 6.5 ( Figure   7 .1) and informs adsorption of fluoride favored at pH < pH ZPC . At pH values below pH ZPC the surface of adsorbent had net positive charge and would, therefore, be prone to attraction of anions (Baskaran et al., 2011) .
FTIR Analysis
FTIR spectra of activated tea ash powder (AcTAP) before and after fluoride adsorptions are shown in Figure 7 .2(a) and 7.2(b) respectively. The band at 3427 cm -1 is due to O-H vibration of aliphatic alcohol and the two peaks at 2853 cm -1 and 2925 cm -1 indicate the presence of alkane C-H stretching. A significant shift of the peak T STUDIES ON DEFLUORIDATION OF WATER BY TEA ASH 196 from 796 cm -1 to 875 cm -1 occurs probably due to the aromatic C-H bond get disturbed by fluoride. The band at 1097 cm -1 is due to stretching vibration of C-OH group of carboxylic acid. The band at 1097 cm -1 is also shifted to 1094 cm -1 after fluoride adsorption.
SEM analysis
Scanning electron microscopy (SEM) analysis is another useful tool for the analysis of the surface morphology of an adsorbent. The porous and irregular surface structure of the adsorbent can be clearly observed in SEM images (Plate 7(a)) and the pores on the surface of the AcTAP are highly heterogeneous which indicates a lager exposed surface area for the adsorption of fluoride (Plate 7(b)). The sizes of pores are indicative of the expected adsorption of fluoride molecules onto the surface of the adsorbent and shows rough surface of AcTAP that provides large surface area for fluoride adsorption. The micrograph Plate 7(c) very similar to Plate 7(a) indicates the regeneration of fluoride from AcTAP surface has been occurred.
Effect of pH
The effect of pH on the fluoride removal from aqueous solution by using AcTAP is shown in Figure 7 .3. This result shows that removal of fluoride ions is most appreciable in the pH range 2.0-7.0 with a peak value at pH 6.0. This may be explained by considering pH ZPC (Table 7 .1) for the AcTAP because removal of fluoride by adsorption process is highly dependent on solution pH as it can alter the surface charge of the adsorbent (Bansiwal et al., 2010) . Hence, in the present work, the highest removal capacity was performed at pH 6.0, since pH ZPC is 6.5, the surface will be positively charged. Decrease in removal capacity was observed below and above pH 6.0 (Figure 7 .3), which may be attributed to unfavourable surface charges
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and competition for adsorption sites due to excess anions at alkaline conditions (Bansiwal et al., 2010) .
Effects of Adsorbent dose and Particle size
Particle size is an important factor in adsorption because adsorption is a surface phenomenon and the extent of adsorption is expected to be proportional to the surface area available for adsorption (Mondal, 2010) . In the present work, the effect of adsorbent particle size was investigated by using the average particle size (50, 100, 150, 200, 250, 300 µm) (Figure 7 .4). Increase in particle size from 50 to 300 µm reduces the adsorption level from 89.6 to 77.8 percent. It may be due to the smaller particle size of adsorbent gives large surface area, increases the adsorption capacity (Murugan et al., 2006) .
The effect of adsorbent dose on fluoride adsorption was studied at fixed initial concentration (5 mg/L) ( Figure 7 
Effect of agitation speed
Studies on the effect of agitation speed were conducted by varying speeds from 100 to 400 rpm, at optimum pH of 6.0 with adsorbent dose of 2.4 g/L and contact time of 60 minutes at 303K (Figure 7.7) . At a given time, fluoride removal increases with the increase in the speed of agitation. The reason for the increase in efficiency is that at higher speeds better contact between the adsorbent and adsorbate is possible (Tembhurkar et al., 2006) . Similar findings for fluoride removal by using activated charcoal have been reported by other investigator (Tembhurkar et al., 2006) .
Effect of contact time
The adsorption rate of fluoride at different initial concentrations (5.0, 10.0, 50.0) was investigated by varying the time ranging from 40 to 300 min. 
Effect of initial concentration
The adsorption of fluoride by AcTAP was conducted by varying initial fluoride concentration using optimum adsorbent dose (2.4 g/L) with 50 µm particle size, pH 6.0, agitation speed 300 rpm at temperature 300 K for a contact time of 180 min. The percentage removal of fluoride decreases with increase in initial fluoride concentration (Figure 7 .9) and shows a little decrease at higher concentrations having a limited number of active sites. Figure 7 .9 also shows the amount of adsorbed fluoride increased with increase in initial concentrations due to increasing STUDIES ON DEFLUORIDATION OF WATER BY TEA ASH 199 concentration gradient acts as increasing driving force to overcome all mass transfer resistances of the fluoride between the aqueous and solid phase, leading to an increasing equilibrium sorption until sorbent saturation is achieved (Choudhury et al., 2010).
Effect of temperature
It is well established that temperature is an additional factor greatly influence any adsorption process. The effect of solution temperature was investigated at 303, 313,323 and 333 K. The results summarized in Figure 7 .10, indicating the adsorption rate decreased with increase in temperature. This result suggests low temperature favours the removal of fluoride molecules by adsorption onto AcTAP as well as the adsorption process is exothermic in nature. The decreasing of removal may be due to at high temperature the thickness of the boundary layer decreases due to increased tendency of the molecules to escape from the adsorbent surface to the solution phase, which results in a decrease in the adsorption capacity as temperature is increased (Sujana and Anand, 2010) . Similar results were previously reported by Sujana and Anand (2010).
Isotherm study in adsorption of fluoride
Analysis of data by adsorption isotherms is very important to design adsorption of fluoride and for calculating the adsorption efficiency. In this study Langmuir, Freundlich, D-R, and Temkin adsorption isotherm models are analyzed and mathematical expressions of these models are given in Table 7 .2. 
Kinetic study in adsorption of fluoride
In the present study, two main types of kinetic models viz. reaction-based models and diffusion based models (Bansiwal et al., 2010) were frequently used to determine various kinetic parameters of the adsorption system. The experimental data was analyzed by application of the adsorption kinetics pseudo-first-order and pseudosecond-order kinetic models. The values of kinetic parameters and correlation coefficients of the adsorption kinetic models obtained from the linear Eq. 46 of t/q t vs. t are presented in Table 7 .4. It is apparent from the values of correlation coefficients that the fitness of the pseudo-second-order model is better as compared to pseudofirst-order model. Additionally, comparing the experimental removal capacities (q e exp ) and calculated values (q e cal ) at different initial concentrations the experimental results obey the pseudo second-order model. The adsorption capacities at different initial concentrations varying with contact time are shown in Figure 7 .12. By pore diffusion or particle diffusion model, sorption of a liquid adsorbate on porous solid adsorbent can be determined by using Eq. 50. Table 7 .5 shows that the diffusion coefficient values decreased with increasing initial fluoride concentrations due to decreasing of available open sites to adsorption (Ofomaja, 2010) whereas intraparticle diffusion rate increased with this order. The values of correlation coefficients (R 2 ) for particle diffusion model are closer to unity supporting that particle diffusion of fluoride adsorption is contributing more towards rate controlling step. However, in case of intraparticle diffusion model, plots did not pass through the origin (the intercept values are between 0.024 and 0.775) which indicates that the adsorption of fluoride on AcTAP is a complex process involving surface adsorption.
Simultaneously, the increase in intercept values of intraparticle diffusion model with increasing initial concentrations indicates increasing of boundary layer effect.
Activation energy and thermodynamic parameters
The activation energy (E a ) for fluoride ions adsorption by using AcTAP was calculated by using Arrhenius Eq. 52. E a value (32.01 kJ/mol) was calculated from the slope of a plot of ln k vs. 1/T (Figure 7 
Summary of this experiment
A new medium, waste tea ash has been developed for fluoride removal in this study. Numerous advantages of the waste tea ash make the waste an excellent adsorbent for removal of fluoride from aqueous solution under acidic pH and further increases of pH showed less adsorption. The adsorption process nicely fitted with Langmuir adsorption isotherm indicating monolayer adsorption and the monolayer adsorption of fluoride decreased with increase in temperature in the range of 303-333 K. Again the adsorption process was observed to follow a pseudo-second-order kinetic model and correlation coefficient values for particle diffusion model are closer to unity suggests that particle diffusion of fluoride adsorption is more towards the rate controlling step than intraparticle diffusion model. Moreover, distribution coefficient results indicate the heterogeneous nature of adsorption surface. Thermodynamic data indicates that reaction favours at lower temperature, exothermic in nature and enthalpy driven. It was also shown that tea ash (AcTAP) has enough potential to remove fluoride (8.55 mg/g) from aqueous solution and subsequently 91.68 % fluoride can be regenerated from the adsorbent surface. 
